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Inclosed  Is  a  copy  of  the  Burlingame  Reservoir  Upper  Dan  (RI-01306) 
Phase  I  Inspection  Report,  which  was  prepared  under  the  National 
Program  for  Inspection  of  Non-Federal  Dams,  This  report  Is  presented 
for  your  use  and  is  based  upon  a  visual  Inspection,  a  review  of  the 
past  performance  and  a  brief  hydrological  study  of  the  dam.  A  brief 
assessment  is  Included  st  the  beginning  of  the  report.  I  have  approved 
the  report  and  support  the  findings  and  recommendations  described  In 
Section  7  and  ask  that  you  keep  me  Informed  of  the  actions  taken  to 
implement  them.  This  follow-up  action  Is  a  vitally  Important  part  of 
this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Management,  the  owner  and  the  cooperating  agency  for  the  State 
of  Rhode  Island. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Management  for  your  cooperation  In  carrying  out  this 
program. 

Sincerely, 


Incl 

As  stated 


C.  E.  EDGAR,  III 

Colonel,  Corps  of  Engineers 

Commander  and  Division  Engineer 
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NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  -  INSPECTION  REPORT 


Identification  No. : 
Name  of  Dam: 

Town: 

County  and  State: 
Stream: 

Owner: 

Date  of  Inspection: 
BRIEF  ASSESSMENT 


RI  01306 

Burlingame  Reservoir  Upper  Dam 
Glocester 

Providence,  Rhode  Island 
Brandy  Brook 
State  of  Rhode  Island 
14  November  1980 


Burlingame  Reservoir  Upper  Dam  is  an  earth  embankment 
dam  with  stone  walls  on  both  the  upstream  and  downstream 
side.  Earth  has  been  pushed  against  the  wall  on  the  up¬ 
stream  side  to  create  a  gradual  slope  on  that  face  of 
the  dam.  The  dam  is  approximately  355  feet  long  and  has 
an  average  width  of  15  feet  along  the  crest.  Its  maxi¬ 
mum  height  above  the  stream  bed  is  10  feet.  The  emer¬ 
gency  spillway  is  located  on  the  left  side  of  the  dam. 

It  is  a  stone  surfaced  earthen  spillway  approximately 
30  feet  long  at  its  base.  The  outlet  works  is  located 
at  the  approximate  center  of  the  dam.  It  has  a  new  rein¬ 
forced  concrete  intake  structure  on  the  upstream  side 
with  stoploas.  A  stone  box  culvert  reinforced 
with  concrete  traverses  the  dam,  and  reinforced  concrete 
headwalls  complete  the  outlet  works  on  the  downstream  side. 

The  dam  was  constructed  on  Brandy  Brook  which  is  part  of 
the  Blackstone  River  Basin.  The  storage  capacity  of  the 
reservoir  at  the  top  of  dam  elevation  of  597  feet  is  480 
acre  feet,  and  its  drainage  area  is  approximately  1.94 
square  miles.  Construction  of  the  dam  took  place  sometime 
prior  to  1890,  and  the  reservoir  was  formerly  known  as  the 
Dennis  Paine  Reservoir.  Some  reconstruction  took  place 
during  the  WPA  period  (1935)  and  later  during  1976.  Pres¬ 
ently  it  is  operated  by  the  State  Department  of  Fisheries 
for  the  purpose  of  raising  pike. 


As  a  result  of  the  visual  inspection,  hydrologic  and  hy¬ 
draulic  computations,  and  the  review  of  limited  available 
data  regarding  this  facility,  the  dam  is  considered  to  be 
in  POOR  condition.  To  assure  the  long  term  performance 
of  this  structure,  certain  items  of  concern  will  require 
further  attention.  The  integrity  of  the  dam  can  be  affected 
by  further  deterioration  of  the  outlet  conduit  and  the  out¬ 
let  structure;  these  items  must  be  repaired.  The  project 
cannot  pass  the  peak  test  flood  outflow  without  overtopping 
the  dam.  The  collapsed  downstream  stone  wall  must  be  re¬ 
paired  to  alleviate  further  sloughing  of  the  dam  embankment. 
Also,  the  stumps  from  trees  recently  cut  must  be  removed 
from  the  entire  area. 

The  dam  is  classified  as  SMALL  in  size  and  as  having  a 
SIGNIFICANT  hazard  potential,  in  accordance  with  the  rec- 
omended  guidelines  established  by  the  Corps  of  Engineers. 

The  test  flood  for  this  dam  is  one-half  the  Probable  Maxi¬ 
mum  Flood  (h  PMF) .  This  test  flood  has  an  inflow  of  2,040 
cfs  and  an  outflow  discharge  equal  to  1,730  cfs,  which  will 
overtop  the  dam  by  1.3  feet.  The  maximum  outflow  capacity 
of  the  emergency  spillway  and  outlet  works  at  the  top  of 
the  dam  is  270  cfs,  which  is  approximately  16%  of  the  peak 
test  flood  outflow.  It  is  recommended  that  the  owner  re¬ 
tain  the  services  of  a  registered  professional  engineer  to 
perform  a  detailed  hydrologic  and  hydraulic  analysis  to 
further  assess  the  need  for  and  the  means  to  increase  the 
project  discharge  capacity  and  the  ability  of  the  dam  to 
withstand  overtopping,  to  assess  the  condition  of  the  de¬ 
teriorating  outlet  conduit  and  structure  and  to  effect  re¬ 
pairs,  to  analyze  the  structural  stability  of  the  downstream 
stone  wall,  and  to  supervise  the  removal  of  trees  and  stumps 
from  the  embankment  area  of  the  dam. 

The  above  recommendations  and  any  further  remedial  measures 
which  are  discussed  in  Section  7  should  be  instituted  within 
one  year  of  the  owner's  receipt  of  this  report. 


This  Phase  I  Inspection  Report  on  Burlingame  Reservoir  Dam 

has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 

opinion,  the  reported  findings,  conclusions,  and  recommendations  are 


consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Pams,  and  with  good  engineering  judgement  and  practice,  and  is  hereby 
submitted  for  approval. 


CARNET  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


ARAMAST  MANTES  IAN,  CHAIRMAN 
Geotechnical  Engineering  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 


JOE  B.  TOAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investiga¬ 
tions.  Copies  of  these  guidelines  may  be  obtained  from  the  Office 
of  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a 
Phase  I  Investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment 
of  the  general  condition  of  the  dam  is  based  upon  available  data 
and  visual  inspections.  Detailed  investigations,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  test¬ 
ing,  and  detailed  computational  evaluations  are  beyond  the  scope 
of  a  Phase  I  Investigation.  However,  the  investigation  is  in¬ 
tended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspec¬ 
tion  team.  In  cases  where  the  reservoir  was  lowered  or  drained 
prior  to  inspection,  such  action,  while  improving  the  stability 
and  safety  of  the  dam,  removes  the  normal  load  on  the  structure 
and  may  obscure  certain  conditions  which  might  otherwise  be  de¬ 
tectable  if  inspected  under  the  normal  operating  environment  of 
the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition' of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only 
through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  will  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydro- 
logic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  spillway  test  flood  is  based  on  the  estimated 
"Probable  Maximum  Flood"  for  the  region  (greatest  reasonably 
possible  storm  runoff) ,  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a 
spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  need  for  more  detailed  hy¬ 
drologic  and  hydraulic  studies,  considering  the  size  of  the  dam, 
its  general  condition  and  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of  the 
need  for  fences,  gates,  no-trespassing  signs,  repairs  to  exist¬ 
ing  fences  and  railings  and  other  items  which  may  be  needed  to 
minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for  com¬ 
pliance  with  OSHA  rules  and  regulations  is  also  excluded. 


i 


TABLE  OP  CONTENTS 


Page 

LETTER  OF  TRANSMITTAL 
BRIEF  ASSESSMENT 
REVIEW  BOARD  PAGE 


PREFACE  i 
TABLE  OF  CONTENTS  ii 
OVERVIEW  PHOTO  v 
LOCATION  MAP  Vi 


REPORT 

SECTION  1  -  PROJECT  INFORMATION 

1.1  General  ,  1 

a.  Authority 

b.  Purpose  of  Inspection 

c.  Scope  of  Inspection  Program 

1.2  Description  of  Project  2 

a.  Location 

b.  Description  of  Dam  and  Appurtenances 

c.  Size  Classification 

d.  Hazard  Classification 

e.  Ownership 

f.  Operator 

g.  Purpose  of  Project 

h.  Design  and  Construction  History 

i.  Normal  Operational  Procedures 

1.3  Pertinent  Data  4 

a.  Drainage  Area 

b.  Discharge  at  Dam  Site 

c.  Elevations 

d.  Reservoir  Length 


ii 


Page 

h.  Diversion  and  Regulating  Tunnel 

i.  Spillway 

J.  Regulating  Outlet 

SECTION  2  -  ENGINEERING  DATA 

2.1  Design  8 


2.2  Construction  8 

2.3  Operation  8 

2.4  Evaluation  8 

a.  Availability 

b .  Adequacy 

c.  Validity 

SECTION  3  -  VISUAL  INSPECTION 

3.1  Findings  10 

a.  General 

b.  Dam 

c.  Appurtenant  Structures 

d.  Reservoir  Area 

e.  Downstream  Channel 

3.2  Evaluation  12 

SECTION  4  -  OPERATIONAL  RPOCEDURES 

4.1  Operational  Procedures  14 

a.  General 

b.  Description  of  Any  Warning  System  in 

Effect 

4.2  Maintenance  Procedures  14 

a.  General 

b.  Operating  Facilities 


4.3  Evaluation  .14 


Page 


SECTION 

5  -  EVALUATION  OP  HYDRAULIC/ 

HYDROLOGIC  FEATURES 

5.1 

General 

15 

5.2 

Desiqn  Data 

15 

5.3 

Experience  Data 

16 

5.4 

Test  Flood  Analysis 

16 

5.5 

Dam  Failure  Analysis 

16 

SECTION 

6  -  EVALUATION  OF  STRUCTURAL 

STABILITY 

6.1 

Visual  Observations 

17 

6.2 

Design  and  Construction  Data 

17 

6.3 

Post  Construction  Chances 

17 

6.4 

Seismic  Stability 

17 

SECTION 

7  -  ASSESSMENT,  RECOMMENDATIONS,  AND 

REMEDIAL  MEASURES 

7.1 

Dam  Assessment 

18 

a.  Condition 

b.  Adequacy  of  Information 

c.  Urgency 

d.  Need  for  Additional 

Investigation  < 

7.2 

Recommendations 

19 

7.3 

Remedial  Measures 

19 

APPENDICES 

APPENDIX 

A  -  Inspection  Checklist 

APPENDIX 

B  -  Engineering  Data 

APPENDIX 

C  -  Photographs 

APPENDIX 

D  -  Hydroloc'c  and  Hydraulic 

Comoutations 


APPENDIX  5  -  Information  as  Contained  in  the  National 
Inventory  of  Dams 


iv 


PHASE  I  INSPECTION  REPORT 


SECTION  I  -  PROJECT  INFORMATION 


1.1  General ; 

a.  Authority;  Public  Law  92-367,  August  8,  1972, 
authorized  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a  National  Program 
of  Dam  Inspection  throughout  the  United  States. 

The  New  England  Division  of  the  Corps  of  Engineers 
has  been  assigned  the  responsibility  of  supervising 
the  inspection  of  dams  within  the  New  England  Re¬ 
gion.  Lenard  &  Dilaj  Engineering,  Inc.  has  been 
retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  States  of  Connecticut 
and  Rhode  Island.  Authorization  and  notice  to  pro¬ 
ceed  were  issued  to  Lenard  &  Dilaj  Engineering,  Inc. 
under  a  letter  of  6  November,  1980  from  William  E. 
Hodgson,  Jr.,  Colonel,  Corps  of  Engineers.  Contract 
No.  DACW33-81-C-0014  has  been  assigned  by  the  Corps 
of  Engineers  for  this  work. 

b.  Purpose  of  Inspection  Program:  The  purposes  of  the 
program  are  to: 

1.  Perform  technical  inspection  and  evaluation  of 
non-federal  dams  to  identify  conditions  requir¬ 
ing  correction  in  a  timely  manner  by  non-federal 
interest. 

2.  Encourage  and  prepare  the  states  to  quickly  ini¬ 
tiate  effective  dam  inspection  programs  for  non- 
federal  dams . 

3.  To  update,  verify  and  complete  the  National  In¬ 
ventory  of  Dams. 

c.  Scope  of  Inspection  Program:  The  scope  of  this  Phase 
I  inspection  report  includes : 

1.  Gathering,  reviewing  and  presenting  all  available 
data  as  can  be  obtained  from  the  owners,  previous 
owners,  the  state  and  other  associated  parties. 

2.  A  field  inspection  of  the  facility  detailing  the 
visual  condition  of  the  dam,  embankments  and 
appurtenant  structures. 


1 


3.  Computations  concerning  the  hydraulics  and 
hydrology  of  the  facility  and  its  relationship 
to  the  calculated  flood  through  the  existing 
spillway . 

4.  An  assessment  of  the  condition  of  the  facility 
and  corrective  measures  required. 

It  should  be  noted  that  this  report  does  not  pass  judg¬ 
ment  on  the  safety  or  stability  of  the  dam  other  than 
on  a  visual  basis.  The  inspection  is  to  identify  those 
features  of  the  dam  which  need  corrective  action  and/or 
further  study. 

1 . 2  Description  of  the  Project: 

a.  Location ;  The  project  is  located  on  Brandy  Brook, 
a  tributary  to  Pascoag  Reservoir,  and  is  located 
approximately  2  miles  upstream  from  Pascoag 
Reservoir.  The  reservoir  pond  and  dam  are  located 
in  the  Town  of  Glocester,  county  of  Providence,  and 
State  of  Rhode  Island.  The  dan  itself  is  located 
just  3,500  feet  south  of  Route  44,  and  is  shown  on 
the  Chepachet,  Rhode  Island  USGS  quadrangle  map, 
having  coordinates  41°54'51"  (north  latitude)  and 
71°44 ' 34 "  (west  longitude). 

b.  Description  of  Dam  and  Appurtenances;  The  dam  at 
Burlingame  Reservoir  is  approximately  355  feet  long 
and  consists  of  an  earth  embankment  with  stone  walls  on 
both  the  upstream  and  downstream  side.  On  the  up¬ 
stream  side,  earth  fill  has  been  deposited  against 

the  stone  wall,  which  is  now  buried.  The  dam  is 
10  feet  high  with  a  crest  width  of  approximately 
15  feet.  The  typical  slope  upstream  is  about  1V:4H 
and  downstream  it  is  IV: 1H,  except  at  the  few  places 
where  the  stone  has  not  crumbled,  where  it  is  4V:1H. 

A  stone  surfaced  emergency  spillway  on  earth  fill  is 
located  near  the  left  abutment  of  the  dam.  The  out¬ 
let  works  consists  of  a  stone  box  culvert  at  the  ap¬ 
proximate  center  of  the  dam.  There  is  a  new  reinforced 
concrete  intake  works  on  the  upstream  side  which  con¬ 
trols  the  water  elevation  in  the  reservoir.  It  is  a 
manually  operated  facility  with  stoplogs  in  the  in¬ 
take  to  set  the  water  level  in  the  reservoir.  On 
both  sides  of  the  intake  structure,  there  are  two 
corrugated  metal  wingwalls  beneath  water  level  to  im¬ 
prove  the  intake  conditions.  Water  is  normally  lowered 
during  the  fall  of  each  year  when  the  fish  (pike)  in 
the  reservoir  are  harvested.  Prior  to  harvesting  the 
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fish,  the  water  level  is  dropped.  After  the  fish 
have  been  removed,  the  water  level  is  again  raised 
to  its  normal  height.  With  the  exception  of  this 
operation,  no  control  is  exercised  over  the  water 
level  in  the  reservoir. 

c.  Size  Classification;  With  the  pool  level  at  the 
top  of  the  dam  the  impoundment  capacity  is  480  acre 
feet.  The  top  of  the  dam  is  10  feet  above  the  stream 
bed  at  the  discharge  conduit.  In  accordance  with  the 
recommended  guidelines  of  the  Corps  of  Engineers, 
which  indicate  that  a  height  of  25  to  39  feet  and  an 
impoundment  capacity  of  50  to  999  acre  feet  is  con¬ 
sidered  small,  the  dam  is  classified  as  SMALL  in 
size  on  the  basis  of  impoundment  capacity. 

d.  Hazard  Classification:  The  dam  is  classified  as  having 
a  SIGNIFICANT  hazard  potential  because  it  is  located 

in  a  rural  area  where  the  failure  discharge  can  cause 
damage  due  to  high  water,  impact  from  debris,  and 
flooding  to  State  Route  44  and  to  a  home  located  3,400 
feet  downstream  of  the  dam  and  adjacent  to  the  culvert 
under  Route  44.  An  economic  loss  could  be  felt,  de¬ 
pending  on  the  amount  of  damage  caused  to  the  highway 
and  adjacent  homes.  Flooding  from  the  failure  of  this 
dam  could  result  in  the  possible  loss  of  a  few  lives. 

The  estimated  increase  in  water  depth  due  to  the  pos¬ 
sible  dam  failure  discharge  of  6,000  cfs  would  be  4 
feet  in  the  vicinity  of  the  house  at  the  Route  44  cross¬ 
ing.  Pre-failure  and  post- failure  depths  would  be 
1  foot  and  5  feet,  respectively. 

e.  Ownership:  Burlingame  Reservoir  Dam  is  owned  by  the 
State  of  Rhode  Island,  State  Office  Building,  Provi¬ 
dence,  Rhode  Island. 

f.  Operator:  The  State  Department  of  Environmental 
Management  operates  the  facility.  The  operating 
personnel  are  under  the  direction  of  Douglas  Follette, 
Supervisor,  Round  Top  Station,  telephone  568-8200. 

g.  Purpose  of  the  Dam:  The  dam  at  Burlingame  Reservoir 
impounds  water  £rom  Brandy  Brook  and  is  used  to 
raise  fish  for  stocking  the  state's  rivers  and  brooks. 
Presently,  only  pike  are  raised  at  the  facility. 

h.  Design  and  Construction  History:  The  dam,  formerly 
known  as  Dennis  Paine's  Reservoir,  was  constructed 
prior  to  1890.  Reconstruction  of  the  dam  and  outlet 
works  took  place  under  the  Works  Projects  Administra¬ 
tion  in  1935.  Further  improvements  were  made  in  1941 
and  after  the  State  of  Rhode  Island  purchased  the  site 
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in  1972,  the  last  reconstruction  took  place.  This 
consisted  of  the  installation  of  a  new  outlet  facil¬ 
ity,  reconstruction  of  the  emergency  spillway,  and 
placement  of  material  on  the  upstream  side  of  the 
dam.  Some  additional  historical  information  may  be 
found  in  Appendix  B  of  this  report. 

i.  Normal  Operating  Procedures:  Water  elevation  is 
lowered  in  the  reservoir  prior  to  harvesting  the 
pike.  After  the  pike  have  been  removed  the  reser¬ 
voir  is  refilled  and  no  further  operation  is  needed 
until  the  following  year.  Excess  water  is  passed 
over  the  emergency  spillway. 

1. 3  Pertinent  Data: 

a.  Drainage  Area;  Burlingame  Reservoir  and  its  drainage 
area  are  located  in  Providence  County  in  the  north¬ 
west  part  of  Rhode  Island.  The  basin  is  Generally 
irregular  in  shape  with  a  longitudinal  north-south 
axis  of  approximately  2  miles  and  a  width  of  1  mile. 
The  total  drainage  area  is  1.94  square  miles  in  size. 
The  topography  is  generally  rolling  and  hilly  terrain 
with  elevations  ranging  from  a  low  of  594  feet  at 
the  spillway  level  of  Burlingame  Reservoir  to  804 
feet  at  Durfee  Hill  in  the  southeastern  portion  of 
the  basin.  Basin  slopes  are  moderate  with  grades 
ranging  generally  from  4%  to  10%. 

b.  Discharge  at  Dam  Site:  No  discharge  records  are 
maintained  at  this  facility.  Flashboards  are  removed 
to  lower  the  water  level  when  pike  are  taken  out  of 
the  pond.  Listed  below  are  calculated  discharge  data 
for  the  spillway  and  outlet  works  with  stoplogs  in 
place. 

1.  Outlet  works: 

Size: 

Invert  elevation: 

Discharge  capacity: 


2 .  Maximum  known  flood  at 
dam  site: 

.  Ungated  emergency  spillway 

capacity  at  top  of  dam:  130  cfs  at  Elev. 596.9 


2h'x  3'  concrete  conduit 
586.5  feet  (with 
stoplogs  removed) 

120  cfs  (at  normal 
pool  level 

150  cfs  (at  test  flood 
level) 


Discharge  unknown 
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4.  Ungated  emergency  spillway 

capacity  at  test  flood 

elevation:  450  cfs  at  Elev.598.2 

5.  Gated  spillway  capacity  at 

normal  pool  elevation:  N/A 

6.  Gated  spillway  capacity  at 

test  flood  elevation:  N/A 

7.  Total  spillway  capacity  at 

test  flood  elevation  450  cfs  at  Elev.598.2 

8.  Total  project  discharge 

at  top  of  dam:  270  cfs  at  Elev.596.9 

9.  Total  project  discharge 

at  test  flood  elevation:l, 730  cfs  at  Elev.598.2 

c.  Elevations  (Feet  above  National  Geodetic  Vertical  Datum) 


1. 

Streambed  at  toe  of  dam: 

586.5 

2. 

Bottom  of  cutoff: 

Unknown 

3. 

Maximum  tailwater: 

Unknown 

4. 

Normal  pool: 

594.0 

5. 

Full  flood  control  pool: 

N/A 

6. 

7. 

Emergency  spillway  crest: 

Outlet  works  (with 
stoplogs) : 

595.8 

594.0 

8. 

Design  surcharge: 

Unknown 

9. 

Top  of  dam: 

596.9 

10.  Test  flood  level: 

Reservoir  (Length  in  Feet) : 

598.2 

1. 

Normal  pool: 

4,500 

2. 

Flood  control  pool: 

N/A 

3. 

Outlet  works  crest  pool: 

4,500 

4. 

Top  of  dam: 

4,800 

5. 

Test  flood  pool: 

4,900 
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Storage  (Ac. -Ft.): 

1. 

Normal  pool: 

242 

2. 

Flood  control  pool: 

N/A 

3. 

Outlet  works  crest: 

242 

4. 

Top  of  dam  (Elev.  596. 

9) 

480 

5. 

Test  flood  pool: 

564 

6. 

Net  storage  between  top  of  dam  (Elevation  596.9) 
and  spillway  crest  is  193  Ac. -Ft.  and  represents 
1.86  inches  of  runoff  from  the  drainage  area  of 
1.94  square  miles. 

7. 

One  foot  of  surcharge  storage  equals  0.64  inches 
of  runoff  from  the  drainage  area  of  1.94  square 
miles. 

Reservoir  Surface  Areas 

(Acres) 

: 

1. 

Top  of  dam: 

95 

2. 

Test  flood  pool: 

103 

3. 

Flood  control  pool: 

N/A 

4. 

Normal  pool: 

69 

5. 

Outlet  works: 

69 

Dam 

: 

1. 

Type : 

Earth  embankment 

2. 

Length : 

355  feet 

3. 

Height: 

10.4  feet 

4. 

Top  width: 

15  feet 

5. 

Side  slopes: 

Upstream  -  1V:4H 
Downs tream  -  1V:1H 

6. 

Zoning: 

Unknown 

7. 

Impervious  core: 

Unknown 

8. 

Cutoff : 

Unknown 

9. 

Grout  curtain: 

Unknown 
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Diversion  and  Regulating  Tunnel;  N/A 


Emergency  Spillway; 


1. 

Type: 

Overflow  emergency, 
broad  crest, rough 
stone  surface 

2. 

Length  of  weir: 

60  feet 

3. 

Crest  elevation: 

595.8  feet 

4. 

Gates : 

None 

5. 

U/S  channel : 

Natural  bed 

6. 

D/S  channel: 

Natural  bed 

7. 

Design  surcharge: 

Unknown 

Regulating  Outlet: 

1. 

Downstream  invert: 

586.5  feet 

2. 

Size: 

2%' x  3'  concrete 
box  culvert 

3. 

Description: 

Water  passes  over  the 

stoplogs  into  the  in¬ 
take  structure  wet 


well  from  which  it 
flows  into  a  concrete 
box  culvert  that  passes 
beneath  the  center  of 
the  dam. 

4.  Control  mechanism:  Manually  operated 

stoplogs  in  intake 
structure. 


SECTION  2 


ENGINEERING  DATA 


2.1  Design:  The  dam  was  constructed  in  1890  for  power 
generation.  Plans  for  the  original  construction  are 
not  available.  Under  the  Works  Projects  Administration, 
the  outlet  works  were  constructed  and  the  dam  was  prob¬ 
ably  rebuilt.  Plans  for  this  reconstruction  are  repro¬ 
duced  in  Appendix  B.  During  1941  "new  sills"  were 
installed;  plans  for  this  reconstruction,  however,  are 
not  available.  After  the  State  purchased  the  site  in 
1972  they  prepared  the  following  contract:  "P  &  D  Con¬ 
tract  No.  13-75,  Concrete  Weir  Construction."  Plans  for 
this  work  have  been  reproduced  and  are  attached  in 
Appendix  B. 

2.2  Construction:  Very  little  is  known  about  the  original 
construction.  The  Works  Projects  Administration  sur¬ 
vey  shows  existing  conditions  and  also  a  design  for  a 
gate  house  structure  which  is  not  present  on  the  dam  at 
this  time.  Indications  are  that  upgrading  of  the  dam 
took  place  in  1935  under  the  W.P.A.  project  and  later, 

in  1941,  further  improvements  on  the  spillway  took  place. 
After  the  State  purchased  the  site  in  1972,  both  the 
spillway  and  the  outlet  works  were  reconstructed.  Large 
trees  and  brush  were  removed  during  October  of  1980. 

2.3  Operation:  The  dam  was  originally  constructed  for 
mechanical-power  generation.  There  is  a  power  canal 
and  lower  dam.  A  mill  was  located  downstream  from  this 
reservoir.  Presently  the  reservoir  is  used  for  raising 
pike  for  the  State  of  Rhode  Island.  The  reservoir 
level  can  be  effectively  controlled  by  the  new  outlet 
works.  It  is  usually  lowered  during  late  fall  when  the 
grown  pike  are  taken  out.  The  water  level  is  raised 
again  during  the  spring.  The  spillway  in  not  an  opera¬ 
tional  part  of  the  water  level  control  and  would  be 
used  only  in  the  event  of  flood  flows  passing  over  the 
dam.  Operation  of  the  facility  is  carried  out  by  the 
State  Department  of  Environmental  Management  Round  Top 
Station  (Telephone  No.  568-8200) .  Inspection  is  infor¬ 
mal  and  on  an  ad  hoc  basis. 

2 . 4  Evaluation: 

a.  Availability:  Data  on  the  existing  dam  was  pro- 
vided  by  the  Dam  Safety  Engineer  of  the  State 
Division  of  Land  Resources.  Older  data  was  ob¬ 
tained  from  the  files  of  various  state  agencies. 
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b.  Adequacy;  There  is  adequate  information  on  the 
outlet  structure.  However,  the  limited  data 
available  on  the  dam  embankment  is  inadequate  to 
perform  an  in-depth  structural  assessment;  there¬ 
fore,  this  investigation  is  based  primarily  on 
visual  inspection,  performance  history  and  hy¬ 
draulic  and  hydrologic  calculations. 

c.  Validity:  A  comparison  of  records  and  visual  ob¬ 
servations  reveal  no  significant  observable  dis¬ 
crepancies  . 
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SECTION  3 


VISUAL  INSPECTION 


1  Findings : 

a.  General :  An  inspection  of  Burlingame  Reservoir  Dam 
was  performed  on  November  14,  1980  by  Lenard  &  Dilaj 
Engineering,  Inc.,  with  the  assistance  of  representa¬ 
tives  from  the  Rhode  Island  Department  of  Environmental 
Management.  The  temperature  on  this  day  was  in  the 
30O_40°  F  range,  the  weather  was  clear  and  sunny,  and 
the  ground  was  clear  of  snow.  At  the  time  of  the  in¬ 
spection,  the  reservoir  level  was  at  591  feet  which  is 
4  feet  higher  than  the  invert  of  the  outlet  pipe  and 

3  feet  lower  than  normal  pool  level. 

I's  a  result  of  the  visual  inspection,  a  review  of  the 
history,  and  the  aeneral  appearance,  the  dam  at  Bur¬ 
lingame  Reservoir  •■=  id  its  appurtenances  are  judged  to 
be  in  POOR  conditio.:.  A  considerable  part  of  the  down¬ 
stream  stone  wall  nas  collapsed.  There  was  an  exten¬ 
sive  growth  of  trees  on  the  dam  itself  and  in  the  imme¬ 
diate  vicinity  of  the  dam.  These  have  recently  been 
cut,  but  stumps  still  remain. 

A  new  inlet  structure  for  the  outlet  conduit  was  con¬ 
structed  in  1976.  This  is  a  reinforced  concrete  struc¬ 
ture  covered  by  a  orate  and  controlled  by  f lashboards . 
The  discharge  conduit  itself  is  in  a  deteriorated  con¬ 
dition  with  several  large  cracks  showino  on  the  inter¬ 
ior  surface  (Photo  10).  The  deteriorated  condition  of 
this  conduit  could  lead  to  a  breach  of  the  dam  if  it 
collapses  when  flowing  at  full  capacity. 

b.  Dam:  The  dam  is  an  earth  embankment  with  a  partially 
collapsed  downstream  stone  wall.  The  upstream  slope 
was  recently  levelled  to  a  more  gradual  slope  by  bull¬ 
dozing  sandy  soils  from  the  reservoir  bottom  against 
the  embankment  (Photos  1  and  2) .  According  to  plans 
prepared  by  the  Works  Project  Administration  in  1935 
there  was  an  upstream  stone  wall  prior  to  emplacement 
of  fill  against  the  slope.  Original  construction  draw¬ 
ings  are  available,  but  it  cannot  be  ascertained  that 
these  plans  were  followed.  The  plans  prepared  by  the 
WPA  in  1935  are  attached  in  Appendix  B.  Further  im¬ 
provements  were  made  during  1976  when  the  outlet  struc¬ 
ture  was  reconstructed  and  improvements  were  made  to 
the  emergency  spillway. 

1.  Crest:  The  crest  of  the  dam  is  covered  with  grass 
as  shown  in  Photo  6.  There  is  an  emercency  spill¬ 
way  near  the  left  abutment,  as  shown  on  the  plot 
plan.  Flevations  along  the  crest  of  the  dam  are 
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uneven;  the  highest  at  the  approximate  center  is 
597.1  while  the  average  is  596.9  feet.  There  is 
a  low  point  where  the  left  abutment  joins  the 
natural  ground.  The  spillway  crest  is  1.1  feet 
lower  than  the  top  of  dam  elevation.  The 
width  and  the  alignment  of  the  crest  are  uneven, 
partially  due  to  the  deteriorated  downstream  wall. 
Vegetation  and  tree  growth  were  recently  removed 
from  the  crest  of  the  dam.  During  the  reconstruc¬ 
tion  of  the  outlet  works  the  dam  was  grouted  along 
the  crest  near  the  outlet  conduit.  A  number  of 
holes  were  drilled  approximately  2  feet  on  center, 
and  10-12  feet  on  either  side  of  the  conduit, 
(^routing  was  then  injected  to  seal  the  dam  in  this 
area.  Some  of  these  holes  can  be  noted  as  a  grid 
pattern  on  the  crest  of  the  dam.  There  is  no  in¬ 
formation  as  to  the  effectiveness  of  this  grouting. 

Upstream  Slope;  According  to  drawings  and  cross- 
sections  prepared  by  the  Works  Projects  Administra¬ 
tion,  there  was  an  upstream  stone  wall  in  place 
prior  to  the  improvements  implemented  by  the  State. 
This  recent  improvement  consisted  of  bulldozing 
sandy  soils  from  the  reservoir  bottom  against  the 
upstream  slope  (Photo  9) .  Note  on  the  photograph 
that  there  is  minor  erosion  at  normal  water  level. 
The  average  slope  ranges  from  1V:5H  to  1V:3H. 

The  outlet  works  is  located  at  the  approximate 
center  of  the  dam  (Photo  1) .  There  are  two  corru¬ 
gated  metal  wing  walls  attached  to  the  inlet  struc¬ 
ture  (Photos  3  and  4) . 

Downstream  slope:  The  downstream  stone  wall  can 
be  observed  near  the  right  abutment  in  what  is 
apparently  its  original  configuration  (Photo  5) . 

The  original  slope  was  4V:1H.  For  most  of  the 
length  of  the  dam,  the  wall  has  apparently  collapsed 
(Photo  6) .  Stones  rolled  downstream  leaving  large 
voids  between  the  remaining  stones.  Numerous 
stones  are  therefore  located  along  the  toe.  Trees 
were  recently  cut  along  the  downstream  slope  and 
the  toe  of  the  dam.  Numerous  stumps,  up  to  1% 
feet  in  diameter,  remain  along  the  downstream  side 
of  the  dam  (Photo  6).  Along  the  left  downstream 
embankment,  the  slope  is  approximately  3^:1. 

Based  on  visual  observation  of  the  downstream  side, 
the  crest  of  the  dam  appears  to  have  been  raised 
by  approximately  6  inches  to  a  foot  by  scraping 
material  from  the  toe  area  and  placing  it  on  top 
of  the  dam.  Available  plans,  however,  do  not 
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indicate  this  change.  Towards  the  center  of  the 
dam,  the  downstream  slope  is  approximately  1H:1V. 

There  are  wet  areas  downstream  of  the  dam  and  to 
the  left  of  the  outlet  structure.  Since,  at  the 
time  of  inspection,  the  water  level  in  the  reser¬ 
voir  was  not  significantly  higher  than  these  wet 
areas,  they  do  not  appear  to  be  the  result  of  seep¬ 
age  occuring  at  the  time  of  the  inspection. 

Appurtenant  Structures ;  The  appurtenant  structures  for 

this  dam  are  the  overflow  (emergency)  spillway  and  the 

outlet  structure: 

1.  Overflow  emergency  spillway:  Near  the  left  abut¬ 
ment  of  the  dam  is  the  overflow  spillway.  The  crest 
in  this  area  is  approximately  1.1  feet  lower  than 
the  rest  of  the  dam.  The  spillway  is  a  depression 
in  the  crest  which  is  approximately  30  feet  long  at 
its  base,  with  15  foot  slopes  on  either  side.  It  is 
covered  with  crushed  stone  to  a  depth  of  approxi¬ 
mately  12  inches.  There  is  no  well-defined  discharge 
channel  for  spillway  flow.  Water  would  flow  along 

a  natural  low  area  about  20  feet  downstream  of  and 
parallel  to  the  dam  and  then  discharge  into  the 
stream. 

2.  Outlet  Works:  The  original  box  culvert  of  approxi- 
mately  3^  feet  by  3  feet  was  reconstructed  during 
1976  and  is  now  3  feet  by  2%  feet  in  size.  A  new 
intake  structure  was  built  (Photo  4) ,  consisting  of 
reinforced  concrete  construction  with  a  grate  and 
grooves  for  stoplogs.  There  are  two  corrugated 
metal  wing  walls  attached  on  both  sides  of  the  in¬ 
take  structure  (Photos  1  and  3) .  Minor  damage  was 
observed  at  the  edges  of  this  concrete  structure 
(Photo  4) . 

The  outlet  conduit  has  numerous  cracks  along  its  en¬ 
tire  length  (Photo  10),  some  as  large  as  2  inches. 

The  outlet  structure  is  also  in  poor  condition  (Photos 
7  and  8) .  There  are  numerous  cracks  in  the  concrete 
work  and  the  left  abutment  has  been  undermined.  A 
collapse  of  this  outlet  conduit  could  cause  a  breach 
in  the  dam. 

d.  Reservoir  Area:  The  reservoir  area  is  in  generally 
good  condition  with  no  signs  of  instability  along 
shoreline  slopes.  Stumps  are  visible  in  some  shallow 
areas,  and  the  shoreline  is  covered  with  trees  and 
fairly  dense  brush. 


12 


e. 


Downstream  Channel:  The  downstream  channel  for  the 
outlet  discharge  is  the  natural  streambed.  It  is 
narrow  and  strewn  with  boulders.  Further  downstream 
are  the  remnants  of  a  second  reservoir  which  has  been 
breached. 

3.2  Evaluation:  Based  on  the  visual  inspection,  the  overall 

condition  of  the  dam  appears  to  be  poor,  with  several  areas 
that  require  attention.  Trees  and  other  vegetation  were 
recently  cut  but  tree  stumps  were  not  removed.  These  should 
be  removed  and  subsequent  holes  filled  in  with  suitable 
material.  The  downstream  side  of  the  outlet  works  and  the 
main  conduit  through  the  dam  are  in  serious  disrepair,  and 
a  collapse  of  this  conduit  could  cause  a  breach  of  the  dam. 

A  reconstruction  of  the  conduit  and  the  outlet  works  on  the 
downstream  side  is  warranted.  Most  of  the  downstream  stone 
wall  has  collapsed,  with  a  consequent  sloughing  of  the  earth 
embankment.  The  downstream  slope  should  be  repaired  to  stop 
any  further  deterioration.  As  previously  noted,  the  discharge 
from  the  emergency  spillway  does  not  run  along  any  well-de¬ 
fined  channel  between  the  spillway  and  the  stream.  Because 
this  discharge  runs  in  close  proximity  to  the  toe  of  the 
dam,  an  evalaution  of  this  condition  should  be  made  with 
necessary  improvements  implemented  as  soon  as  possible. 
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SECTION  4 


OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4. 1  Operational  Procedures; 

a.  General:  The  State  of  Rhode  Island  Department  of 
Environmental  Management  operates  the  dam  and  appur¬ 
tenant  facilities.  Since  the  reservoir  is  used  to 
raise  fish  (pike) ,  the  operating  procedure  is  depen¬ 
dent  on  their  growth.  In  early  spring  the  pond 
level  is  raised  and  is  maintained  at  spillway  level 
until  the  fish  are  harvested  in  late  fall.  The 
Round  Top  Station  is  responsible  for  the  mainten¬ 
ance  of  the  facilities. 

b.  Description  of  any  Warning  System  in  Effect:  There 
is  no  warning  system  in  effect  at  this  facility . 

4 . 2  Maintenance  Procedures: 

a.  General :  No  regular  maintenance  procedure  is  followed 
at  this  dam,  but  some  work  is  done  on  an  intermittent 
basis.  Large  trees  and  other  vegetation  were  recently 
removed . 

b.  Operating  Facilities:  The  outlet  works  is  operated 
and  maintained  by  the  staff  of  the  Department  of 
Environmental  Management,  as  described  above.  The 
grate  covering  the  gate  mechanism  is  securely  locked 
in  place  to  prevent  any  unauthorized  use  of  the 
facilities.  Trash  racks  are  periodically  removed 
and  cleaned,  as  are  the  stoplogs  used  to  regulate 
the  water  level  in  the  reservoir.  Minor  repairs 
are  required,  but  overall  the  outlet  works  is  in 
good  condition. 


4.3  Evaluation:  There  are  no  set  procedures  for  the  mainten¬ 
ance  of  the  dam  embankments,  emergency  spillway,  or  out¬ 
let  works.  While  operational  procedures  are  adequate 
for  the  normal  operation  for  which  the  reservoir  is  in¬ 
tended,  there  are  no  guidelines  which  may  be  followed 
on  a  regular  basis.  To  assure  a  consistent  long  term 
performance  for  the  facility,  a  regular  maintenance  pro¬ 
gram  ,  operational  procedures,  and  a  downstream  warning 
system  should  be  developed,  implemented,  and  followed 
on  a  regular  basis. 
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SECTION  5 


EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FFATURES 


5.1  General :  Burlingame  Reservoir  Dam  is  an  earth  embankment 
dam  with  a  rubble  stone  face  on  the  downstream  side.  The 
dam  is  approximately  355  feet  long,  15  feet  wide  at  the 
crest,  and  an  average  of  7  feet  high.  The  highest  point 
is  at  the  outlet  conduit  discharge  point  where  the  dam 
reaches  a  height  of  10  feet.  The  emergency  spillway,  which 
is  covered  with  stone,  is  30  feet  wide  with  15  foot  side 
slopes  and  the  crest  is  1.1  feet  below  the  top  of  the  dam. 

For  purposes  of  hydraulic  calculation,  the  spillway  crest 
was  considered  as  a  broad  crested  weir.  A  2h'x  3'  box 
culvert  passes  beneath  the  center  of  the  dam  and  is  con¬ 
trolled  by  stoplogs  set  at  an  inlet  structure  on  the 
upstream  side  of  the  dam. 

The  downstream  channel  is  approximately  8  feet  wide  at  the 
base  of  the  dam  from  which  it  spreads  out  into  a  ponded 
swampy  area  just  downstream  of  the  dam.  The  channel  is  in 
generally  poor  condition,  the  banks  being  overgrown  with 
trees  and  brush. 

The  watershed  encompasses  an  area  of  1.94  square  miles  and 
is  basically  undeveloped.  A  few  houses  can  be  found  along 
the  major  roads  passing  through  the  watershed  area. 

At  the  normal  pool  level  set  by  the  stoplogs  in  the  outlet 
works,  Burlingame  Reservoir  has  a  storage  capacity  of  242  acre 
feet;  this  increases  to  480  acre  feet  at  the  top  of  the  dam. 

The  test  flood  for  this  site  is  half  the  Probable  Maximum 
Flood  (*s  PMF)  ,  which  produces  an  inflow  of  2,04  0  cfs  into 
Burlingame  Reservoir  Dam.  The  corresponding  outflow  over 
the  dam  is  1,730  cfs.  Since  the  capacity  of  the  emergency 
spillway  and  primary  low  level  outlet  is  270  cfs  at  the  top 
of  the  dam,  this  represents  approximately  16%  of  the  test 
flood  outflow.  The  maximum  overtopping  for  this  outflow 
would  be  about  1.3  feet. 

5.2  Design  Data:  No  design  data,  other  than  the  sketches  shown 
in  the  appendix,  were  available  for  the  original  construc¬ 
tion  of  the  dam.  It  could  not  be  confirmed  that  the  dam 
had  actually  appeared  as  shown  on  the  sketches.  Some  rec¬ 
ords  of  the  subsequent  repairs  were  found  to  be  available 
and  have  been  included  in  the  appendix. 
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5.3  Experience  Data;  No  records  on  past  experience  were  found 
to  be  available  for  this  site. 

5.4  Test  Flood  Analysis:  Based  on  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams",  the  dam  is  classified  as 
SMALL  in  size  with  a  SIGNIFICANT  hazard  potential.  The 
test  flood  for  these  conditions  ranges  from  the  100-year 
frequency  flood  to  half  the  Probable  Maximum  Flood  (100-year 
to  k  PMF) .  Because  of  the  potential  downstream  damaae  in¬ 
volved  with  failure,  the  h  PMF  was  chosen  as  the  test  flood 
for  this  dam. 

Using  the  HEC-1  Flood  Hydrograph  Computer  program  developed 
by  the  Army  Corps  of  Engineers  for  dam  safety  investigations, 
the  inflow  and  outflow  for  the  test  flood  were  found  to  be 
equal  to  2,040  cfs  (1,050  CSM)  and  1,730  cfs,  respectively, 
at  the  dam  site.  The  dam's  outflow  capacity  of  270  cfs  rep¬ 
resents  16%  of  this  test  flood  outflow.  1.3  feet  of  over¬ 
topping  of  the  dam  would  be  associated  with  this  outflow. 

The  test  flood  analysis  was  based  on  a  normal  pool  level  of 
594.0  feet,  maintained  by  the  stoplogs  at  the  outlet  struc¬ 
ture.  This  level  is  1.8  feet  below  the  crest  level  of  the 
emergency  spillway. 

Although  there  is  some  storage  available  in  the  basin,  the 
effect  would  be  negligible  during  the  occurrence  of  the 
>5  PMF.  Consequently,  wetland  storage  was  not  considered  for 
the  inflow  hydrograph,  thus  giving  a  more  conservative  view 
of  the  effects  at  Burlingame  Reservoir  Dam. 

5.5  Dam  Failure  Analysis;  A  dam  failure  analysis  was  performed 
using  the  "Rule  of  Thumb"  method  for  estimating  downstream 
dam  failure  hydrographs,  as  developed  by  the  Corps  of  Engi¬ 
neers.  Failure  was  assumed  to  occur  when  the  water  level  in 
the  reservoir  was  at  the  level  of  the  top  of  the  dam.  The 
spillway  and  low  level  outlet  discharge  just  prior  to  the 
dam's  failure  would  be  270  cfs,  producing  a  depth  of  flow  of 
approximately  1  foot  at  a  point  3,400  feet  downstream  of  the 
dam,  at  which  Route  44  and  a  nearby  home,  which  could  be 
damaged,  are  located.  The  calculated  dam  failure  discharge 
is  6,000  cfs  and  will  produce  a  depth  of  flow  of  approxi¬ 
mately  5  feet  at  the  same  downstream  point  near  Route  44, 
which  means  an  increase  in  water  depth  at  failure  of  about 

4  feet  over  the  pre-failure  depth  of  1  foot.  The  failure 
analysis  covered  a  distance  of  7,900  feet  downstream,  as 
shown  by  the  calculations  in  Appendix  D.  The  depth  of  flow 
at  that  point  (at  the  entrance  to  Pascoag  Reservoir)  was 
calculated  to  be  4.7  feet  for  the  dam  failure. 

The  breach  could  cause  significant  damage  downstream  of  the 
dam  and  result  in  the  loss  of  a  few  lives.  One  house  in  the 
vicinity  of  Route  44  could  be  flooded  due  to  these  flows  and 
might  result  in  the  loss  of  lives  if  adequate  forewarning 
were  not  provided.  Serious  damage  to  Route  44  and  two  addi¬ 
tional  road  crossings  further  downstream  could  also  result. 
The  dam  was  therefore  classified  as  having  a  SIGNIFICANT 
hazard  potential. 


16 


SECTION 


6 


EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observation;  The  visual  inspection  indicates 
that  the  downstream  stone  wall  has  collapsed  along  most 
of  the  lenqth  of  the  dam  and  that  the  outlet  conduit 
and  outlet  structure  are  in  a  deteriorated  condition. 

6.2  Design  and  Construction  Data:  There  are  only  sketches 
available  of  the  original  design,  which  could  not  be 
verified  as  to  their  accuracy  because  of  subsequent 
chanqcs . 

6.3  Post-construction  Changes:  There  are  "as  built"  draw- 
inqs  prepared  by  the  Works  Proiects  Administration  dur- 
inq  1935.  These  plans  indicate  the  condition  of  the  dam 
at  that  time.  Additional  plans,  prepared  in  1975  are 
available  for  the  reconstruction  of  the  discharqe  conduit. 
This  construction  took  place  in  1976.  The  only  chanqe 
since  that  time  has  been  the  cutting  of  trees  and  vegeta¬ 
tion  alonq  the  downstream  slope  and  adjacent  areas  durinq 
the  fall  of  1980. 

6.4  Seismic  Stability:  The  dam  is  located  near  the  boundary 
between  Seismic  Zones  1  and  2  and,  in  accordance  with 
the  Phase  I  inspection  guidelines,  does  not  warrant  seis¬ 
mic  stability  analysis. 


17 


SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 
7.1  Dam  Assessment: 


a.  Condition:  The  visual  inspection  indicated  that  the 
Burlingame  Reservoir  Dam  is  in  POOR  condition.  The 
major  concerns  regarding  the  long  term  performance  of 
this  dam  include: 

1.  The  future  integrity  of  the  dam,  which  can  be 
affected  by  further  deterioration  of  the  outlet 
conduit  and  the  outlet  structure.  Failure  of  the 
conduit  while  flowing  at  full  capacity  could  cause 
a  breach  of  the  dam. 

2.  Wet  areas  noted  near  the  left  abutment  along  the 

toe  of  the  dam  which  must  be  monitored  and  evaluated. 

3.  The  inability  of  the  dam  to  pass  the  peak  test  flood 
outflow  without  being  overtopped. 

4.  The  collapse  of  the  downstream  stone  wall  and  the 
sloughing  occurring  as  a  consequence  of  this  collapse. 

5.  Tree  stumps  which  have  not  been  removed  from  the 
downstream  embankment  and  the  toe  area  of  the  dam. 

6.  The  proximity  of  the  discharge  flow  from  the  emer¬ 
gency  spillway  to  the  toe  of  the  dam.  The  flow  runs 
through  the  spillway  and  parallel  to  the  dam  until 
it  reaches  the  discharge  channel  of  the  low  level 
outlet;  if  this  situation  is  allowed  to  continue, 
erosion  of  the  toe  area  of  the  dam  could  result. 

b.  Adequacy  of  Information:  The  lack  of  in-depth  engineer- 
ing  data  did  not  allow  for  a  definitive  review.  There¬ 
fore,  the  adequacy  of.  this  dam  could  not  be  assessed  from 
a  standpoint  of  reviewing  design  and  construction  data. 

It  is  based  primarily  on  the  visual  inspection,  the  past 
performance  history  and  sound  engineering  judgment. 

c.  Urgency:  The  recommendations  and  remedial  measures 
described  below  should  be  implemented  by  the  owner  within 
one  year  after  receipt  of  this  Phase  I  inspection  report. 

d.  Need  for  Additional  Investigation:  No  data  was  recovered 
for  this  inspection  that  indicates  that  formal  engineer¬ 
ing  analyses  were  performed  for  this  dam.  The  visual 
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inspection  and  operational  history  indicate  that 
attention  should  be  given  to  the  collection  of  current 
data  in  order  that  the  recommendations  listed  below 
may  be  implemented. 

7.2  Recommendations ;  The  owner  should  engage  the  services  of 

a  qualified  registered  engineer  to  accomplish  the  following: 

a.  Prepare  plans  for  and  carry  out  the  repair  of  the  outlet 
conduit  and  outlet  structure,  filling  in  the  cracks 
previously  noted. 

b.  Perform  a  detailed  hydrologic  and  hydraulic  anaj. ..sis 
to  assess  the  need  for  and  the  means  to  increase  the 
project  discharge  capacity  and  the  ability  of  the  dam 
to  withstand  overtopping. 

c.  Prepare  plans  to  carry  out  the  repair  of  the  downstream 
slope  of  the  dam.  The  present  slope  should  be  stabi¬ 
lized  and  protected.  The  angle  of  the  slope  and  the 
slope  protection  should  be  designed  by  the  engineer  in 
accordance  with  results  of  a  structural  analysis  of  the 
dam.  Develop  a  program  for  monitoring  the  seepage  along 
the  downstream  toe  of  the  dam,  prior  to  construction. 

d.  Tree  stumps  and  root  systems  should  be  removed  only 
after  a  procedure  for  proper  backfill  and  compaction 
has  been  developed  by  the  engineer.  In  addition,  the 
area  30  feet  beyond  the  toe  of  the  dam  should  be  cleared 
under  the  supervision  of  the  engineer. 

7. 3  Remedial  Measures: 

a.  Operating  and  Maintenance  Procedures : 

1.  Trees  and  brush  in  an  area  30  feet  downstream  of 
the  dam  should  be  removed  and  the  excavations  back¬ 
filled  with  suitable  material.  Grass  should  be 
planted  in  the  disturbed  areas  to  protect  the  em¬ 
bankment  from  erosion. 

2.  Emergency  procedures  consisting  of  an  operations 
plan  and  a  formal  warning  system  for  downstream 
residents  should  be  developed  and  implemented. 

3.  Technical  inspections  of  this  facility  should  be 
made  on  an  annual  basis. 

4.  Monitor  the  outlet  conduit  and  wet  areas  for  seep¬ 
age  when  the  impoundment  is  full  and  during  periods 
of  intense  rainfall. 
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5.  Implement  and  institute  a  program  of  regular 

clearing  of  the  spillway  approach  and  discharge 
channels  and  the  discharge  channel  below  the 
outlet  structure. 

7.4  Alternatives ;  There  are  no  practical  alternatives  to  the 
above  listed  recommendations. 
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PARTY  ORGANIZAT ION 


PROJFCT 


BURLINGAME  RESERVOIR  DAM 


PARTY: 


0AU  NOVEMBER  14,  1980 

TIME  9  a-m' _ 

WEATHER  Partly  sunny 

W.S.  ELEV.  _ U.S. _ DN.S. 
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INSPECTED  BY 

REMARKS 

1  Structural 
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?  Hydraulics 
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Gonzalo  Castro 
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periodic  inspect ion  checki  isi 

1  PROJFCT  BURLINGAME  RESERVOIR  DAM 

DATE  NOVEMBER  14,  1980 

I  PROJECT  FEATURE 

NAME 

DISCIPI.  ITiC 

NAME 

AREA  EVALUATED 

CONDITION 

DAM  EMBANKMENT 

Crest  Elevation 

596.9 

Current  Pool  Elevation 

594.0 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Reportedly  not  overtopped  in  last  5 
years 

None  observed 

Pavement  Condition 

Not  applicable 

Movement  or  Settlement  of  Crest 

Too  irregular  to  judge 

Lateral  Movement 

Too  irregular  to  judge 

Vertical  Alignment 

Too  irregular  to  judge 

Horizontal  Alignment 

Too  irregular  to  judge 

Condition  at  Abutment  and  at  Concrete 
Structures 

Good.  Possibly  low  spot  at  left 
abutment 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Not  applicable 

Trespassing  on  Slopes 

Slouqhino  or  Erosion  of  Slopes  or 
Abutments 

No  significant  effects  of  foot 
trespassing 

Some  erosion  of  upstream  slope  at  former 
water  levels 

Rock  Slope  Protection  -  Riprap  Failures 

No  rock  slope  protection 

Unusual  Movement  or  Cracking  at  or  Near 
Toe 

None  observed 

Unusual  Tnijankinent  or  Downstream 

Seepage 

Wet  area  about  25  feet  downstream  from 
dam  right  of  emergency  spillway 

Piping  or  Boi  Is 

None  observed 

Foundation  Drainage  Features 

None  known 

Toe  Drains 

None  known 

Instrumentation  System 

Vegetation  A-2 

None  known 

Recently  cleared  of  trees.  Some  stumps  of 
up  to  1.5'  diameter  at  downstream  toe. 

PERIODIC  INSPECTION  ClIICKI  I  SI 


PROJECT  BURLINGAME  RESERVOIR  DAM 


()AT(  NOVEMBER  14,  1980 


PROJECT  ir/\TURf. 


DISCIPLINE 


AREA  EVALUATED 


DIKE  EMBANKMENT 


Crest  Elevation 
Current  Pool  Elevation 
Maximum  Impoundment  to  Date 
Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassinq  on  Slopes 

Slounhinq  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking  at  or 
Near  Toes 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Drainaqe  Features 
Toe  Drains 

Instrumentation  System 
Vegetation 


CONDITION 


There  ia  no  dike  at  thie  faoility. 
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PERIODIC  INSPECTION  CHICK!  1ST 


|)(;0)(;CT  BURLINGAME  RESERVOIR  DAM 

PROJECT  KATlIRf _ 

DISCIPLINE _ 


l,A((  NOVEMBER  14,  1980 

NAME _ 

NAME _ 


ARLA  EVALUATED 


OUTIET  WORKS  -  INTAKE  CHANNEL  AND 
INTAKE  STRUCTURE 


CONDITION 


a.  Approach  Channel 

Slope  Conditions 
Bottom  Conditions 
Rock  Slides  or  Falls 
Lon  Boom 
Debris 

Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 

b.  Intake  Structure 

Condition  of  Concrete 
Stop  Logs  and  Slots 


Tuo  wirapjalls  made  of  steel  road  barriers 

Not  applicable 

Some  silt 

None 

None 

None 

Not  applicable 
Not  applicable 

Good.  Minor  cracks  and  spalling 

Trash  racks  ( screens )  removed 
temporarily 


PERIODIC  INSPECTION  CHECKLIST 


PRflJI  CT 


BURLINGAME  RESERVOIR  DAM 


PROJECT  FEATURE 
DISCIPLINE  _ 


()A1|  NOVEMBER  14,  1980 

MArir _ 

NAME  _ 


AREA  EVALUATED 


OUTLET  WORKS  -  CONTROL  TOMER 


CONDITION 


There  is  no  control  tamer . 


a.  Concrete  and  Structural 
General  Condition 
Condition  of  Joints 
Spalling 

Visible  Reinforcing 
Rustinq  or  Staininq  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Alignment 

Unusual  Seepage  or  Leaks  in  Gate 
Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 


b.  Mechanical  and  Electrical 


Ai r  Vents 
Float  Hells 


Crane  Hoist 


F levator 

Hydraulic  System 

Service  Gates 

Emergency  Gates 

Liqhtninq  Protection  System 

Emergency  Power  System 

Wiring  and  lighting  System  A-5 


PERIODIC  INSPECTION  CHECK! IS! 


PROJECT  BURLINGAME  RESERVOIR  DAM _  DATE  NOVEMBER  14,  1980 

PROJECT  rtM  LIRE  _  NAME  _ _ 

DISCIPLINE  _  NAME  _ 


AREA  EVALUATED 

OUTLET  WORKS  -  TRANSITION  AND  CONDUIT 
General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spall inq 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alionment  of  Joints 
Numberinq  of  Monoliths 


CONDITION 

Repaired  about  one  month  ago.  Evidence 
of  dieplacement  across  cracks 

None  observed 

Some  spalling  along  cracks 

None  observed 

Yes ,  see  above 

Not  applicable 

Not  applicable 

Not  applicable 


AtS 


PERIODIC 


,,HUJ( rT  BURLINGAME  RESERVOIR  DAM 

PROJECT  El  AMIRI' _ 

DISCIPLINE _ 


_ AREA  EVALUATED 

MLET_ WORJCS  ^  OUTLET  STRUCTURE  AND 
OUTLET  CHANNEL 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 
Other  comments 
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:CT  ION  ClIECKL  1ST 

[JATE  NOVEMBER  14,  1980 

_  NAME  _ 

_  NAMt  _______________ 


_ CONDITION 

Outlet  head  wall 

Poor 

None  observed 
At  racks 
None  observed 
None  observed 
None  observed 
No  joints 
None  observed 
Natural  stream  bed 

Many  trees 


Fair 

Several  oraoks,  left  part  of  wall 
undermined  and  log  displaced 
downstream 


PERIODIC  INSPECT  1 ON  CHECKLIST 

pH( ,  u  c 7  BURLINGAME  RESERVOIR  DAM _  1)ftT|-  NOVEMBER  14,  1980 

t’KOJEC I  rfAlURE  _ ! _  NAMI  _ 

DISCIPLINE _  NAMI  _ 


AREA  EVALUATED 

OUT  LEX  WORKS  -  XP^LWAT  WEIR,  APPROACH 
AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepaqe  or  Efflorescence 
Drain  Holes 

c.  Discharge  Channel 

General  Condition 

Loose  Rock  Overhanging  Channel 

Trees  Overhanginq  Channel 

Floor  of  Channel 

Other  Obstructions 

Other  Comments 


CONDITION 


Recently  cleaned,  silt  removed 

Good 

None 

None 

Reservoir  bottom 

No  training  walls 

Good,  Stone  placed  across  weir 

Not  applicable 

Ndt  applicable 

Not  applicable 

Not  applicable 

Not  applicable 

Channel  parallel  to  dan  discharges  into 
outlet  channel. 

Not  a  well-defined  channel 

None 

Trees  recently  removed 
Sandy,  gravelly 
None 


A^ 


PROJECT 


PERIODIC  INSPECTION  CHECKLIST 

BURLINGAME  RESERVOIR  DAM  pATF  NOVEMBER  14,  1980 


PROJECT  MATURE 
DISCIPLINE 


NAME 

NAME 


_ AREA  EVALUATED _ CONDITION 

OUTLET  WORKS  -  SERVICE  BRIDGE  There  ia  no  aervioe  bridge. 

a.  Super  Structure 

Bearinqs 
Anchor  Bolts 
Bridge  Seat 
Longitudinal  Members 
Underside  of  Deck 
Secondary  Bracing 
deck 

Drainage  System 
Rail inqs 

Expansion  Joints 
Paint 

b.  Abutment  &  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridqe 
Condition  of  Seat  &  Backwall 
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SITE  PLAN 

•URLINOAME  RESERVOIR  DAM 
QLOCESTER,  R.l. 


COPY  OF  FULL  REPORT  AS  CONTAINED  IN  YEARLY  REPORTS 


OF  COMMISSIONERS  OF  DAMS  AND  RESERVOIRS 


1890  -  Formerly  known  as  Dennis  Paine's  Reservoir  Dam.  The 
p.21  location  of  this  reservoir  is  at  the  head  waters  of 
Brandy  Brook  and  flows  an  area  of  about  100  acres. 

The  dam  is  an  earthen  embankment  of  ordinary  fair  mater¬ 
ial  in  quantity  sufficient  for  any  heretofore  recorded 
event.  The  rollway  is  40  feet  in  length  passing  in 
safety  all  floods  occurring  under  the  present  commission. 
The  draw-off  culvert  located  at  the  base  of  the  dam, 
presents  a  cross  sectional  area  of  9  feet  which  has 
heretofore  been  sufficient  for  the  reduction  of  the 
reservoir.  Occasional  points  in  the  dam  indicate  a 
loss  of  material  from  time  to  time  which  from  its  iso¬ 
lated  position  might  have  been  caused  by  muskrats  or 
other  amphibia.  These  effects  have  been  repaired  as 
soon  as  observed,  by  the  proprietor,  whose  name  the 
reservoir  bears,  and  whose  individual  interest  is  in 
its  safety.  On  the  same  stream  and  two  miles  below, 
the  Pascoag  reservoir  flows  an  area  of  500  acres.  The 
water  from  these  combined  sources  flows  through  a  popu¬ 
lous  community  where  life  and  property  would  be  endan¬ 
gered  by  their  sudden  escape.  The  positive  security  of 
both  structures  is  matter  of  paramount  importance.  The 
accompanying  plates  numbered  241  to  244  inclusive  rep¬ 
resent  sections  in  the  dam  herein  reported. 
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transverse  section  in  roll  wav. 
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TRANSVERSE  SECTION  IN  PAINE'S  RESERVOIR  OAM  IN 

GLOCESTER. 


C  3- 


OLD  PLAM  FILED  WITH  STATE. 
PROBABLY  ORIGINAL  DAM 


3H.  I  OF  Z. 
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PHOTO  INDEX 

BURLINGAME  RESERVOIR  DAM 
GLOCESTER,  R.l. 


Photo  1.  Overall  view  from  left  abutment.  The  up¬ 
stream  slope  was  formed  bv  bulldozing 
material  from  the  reservoir  bottom  aqainst 
the  existing  stone  wall.  Outlet  works  are 
located  at  the  center. 


U$  ARMY  ENGINEER  01V.  NEW  ENGLANO 


LENA RD'DILA J  ENGINEERING,  INC. 

•  TQfteS.LONNtCtlCUt 


BURLINGAME  RESERVOIR 
CL'TOESTER ,  RHOTW  tSIanE 


RI  01306 

■JATTri'inv 


NATIONAL  PROGRAM  OP 
INSPECTION  OP 
NON-PED.  OAMS 


C-2 


Photo  3.  Intake  structure.  Photo  taken  from  dike  of 
fish  holding  area  within  the  reservoir. 


Photo  4.  Closeup  of  inlet  structure.  Note  chipped 

concrete  where  grate  is  attached  by  padlock. 
Channels  are  present  for  trash  racks, which 
are  not  in  place.  The  slope  near  the  intake 
structure  is  1V:5.5H. 


US  ARMY  ENGINEER  01V.  NEW  ENOLANO 

COM*  OF  t  NQIWtKRS 
WAlTNAM.  MASSACMUSC TT* 


NATIONAL  PROGRAM  OF 
INSPECTION  OF 
NON-FEO.  DAMS 


RI  01306 

jan  .  r*rsT 


LENAAD  DILAJ  ENGINEERING,  INC. 

•  TORRS.CONMtCflCUT 


Photo  7.  Outlet  headwall.  Note  cracks  on  wall  and 
undermining  of  left  abutment. 


Photo  8.  Closeup  of  left  abutment  showing  the 
undermined  area. 


Ut  ARMY  ENGINEER  01V.  NEW  ENGLAND 

BURLINGAME  RESERVOIR 

W  At  TN AM,  MASSACHUSETTS 

NATIONAL  PROGRAM  OF 

GLOt ESTER, RHODE  T5LAN5 

INSPECTION  OF 

RI  01306 

LENARO-DILAJ  ENGINEERING,  INC. 

S TOURS. COMNSC  TIC tf  1 

NON-FEO.  DAMS 

JAN. 1981 

C-5 

Photo  9.  Upstream  slope  of  dam.  Slone  measured  approx¬ 
imately  IV: 5H.  Soil  is  sliaht]y  qravelly 
sand  with  some  boulders. 


Photo  10.  Inside  of  outlet  conduit.  Note  cracks  on 
the  surface  of  this  conduit. 


US  AHMV  ENGINEER  DIV.  NEW  ENGLAND 

BURLINGAME  RESERVOIR 

NATIONAL  PROGRAM  OF 

GLOCESTER, RHODE  ISLAND 

INSPECTION  OF 

RI  01300 

LENANO'OILAJ  ENGINEERING,  INC. 

NON-FED.  DAMS 

JAN. 1981 
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APPENDIX  D 

HYDROLOGIC  AND  HYDRAULIC 
COMPUTATIONS 
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LENARO  &  DILAJ  ENGINEERING.  INC. 

1066  Storrs  Road 
STORRS.  CONNECTICUT  06268 
(203)  429-7308 

-if.  L&'Lam 


j _ Contract  No, DACW33-H I  - c-0014 _ 


CALCULATED  BY  - 


CHECKED  BY - 


DETERMINATION  OF  SPILLWAY  TEST  FLOOD* 


SIZE  CLASSIFICATION 


Based  on  either  storage  or  height 


THIS  DAM: 


Small. 


Intermediate 


Large 


Storage  50-999  Ac. -Ft. 

Height  25-39  Ft. 

Storage  1,000-50,000  Ac. Ft. 
Height  40-100  Ft. 

Storage  More  than  50,000  Ac. -Ft. 
Height  Greater  than  100  Ft. 


HAZARD  POTENTIAL  CLASSIFICATION 
Category  Loss  of  Life 


None  expected 


Significant 


More  than  few 


Economic  Loss 

Minimal 

‘’Appreciable"^ 

Excessive 


Hazard  Classification 


Si^JiPioA/rr 


C.  HYDROLOGIC  EVALUATION  GUIDELINES 


Hazard 


Significant 


Spillway  Test  Flood 


Small 

Intermediate 

Large 

‘tSmalQ 

“intermediate 

Large 

Small 

Intermediate 

Large 

4  -P/yfP 


Spillway  Test  Flood 


50  to  100-Year  Frequency 
100-Year  Frequency  to  PMF 
S  PMF  to  PMF 

^100- Year  Frequency  to  PMF, 
PMF  to 
PMF 

PMF  to  PMF 
PMF 
PMF 


*  Based  upon  "Recommended  Guidelines  for  Safety  Inspection  of 

Dams"  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
November  1976. 
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LENARD  &  OILAJ  ENGINEERING,  INC. 
1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARO  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS.  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 


SHEET  NO  - 

CALCULATED  BY 


CHECKED  BY_ 


LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 

STORRS,  CONNECTICUT  06268 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS.  CONNECTICUT  06268 

(203)  429-7308 
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1066  Storrs  Road 
STORRS.  CONNECTICUT  06268 
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LENARD  &  DILAJ  ENGINEERING.  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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LENARD  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS.  CONNECTICUT  06268 
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LENARO  &  DILAJ  ENGINEERING,  INC. 

1066  Storrs  Road 
STORRS,  CONNECTICUT  06268 
(203)  429-7308 
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